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ABSTRACT 
Xylem of sugar maple (Acer saccharum Marsh.) discolored 
by infection with Verticillium dahliae Kleb. shows several 
characteristics of the discolored xylem associated with 
wounding. Both forms of discolored wood show higher moisture 
content, higher total ash and greater concentrations of cal¬ 
cium and potassium than adjacent clear wood. Electrical 
resistance of wood discolored by Verticillium and wounding 
is sufficiently lower than that of clear wood that it can 
be used to predict the presence of the discoloration. Bacteria 
and fungi other than Verticillium can be isolated from the 
wood discolored by the infection, as they can be from wood 
discolored by wounding. It is possible that, as in wood 
discolored by wounding, the characteristics of Verticillium- 
discolored wood might also be associated with a succession 
of microorganisms leading to decay. 
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INTRODUCTION 
Verticillium wilt causes the death of many shade and 
nursery maples (2), The fungal pathogen, forming only 
fluffy white masses of mycelia (Verticillium albo-atrum 
Reinke and Barth.), or forming also, dark-colored micro- 
sclerotia (V_j_ dahliae Kleb.) (2), enters through the roots, 
causing the development of the vascular wilt syndrome. Since 
evidence indicates that the ability to assume different forms 
may be nutritional and/or environmental, the name Verticillium 
dahliae will be used to refer to the fungus throughout this 
study. In infected trees, death may occur in one season, 
or the disease may become chronic, causing a gradual dieback 
and decline which lead eventually to the death of the tree. 
Diseased trees exhibit foliar symptoms, including late spring 
flushing, early fall coloration, cupping of leaves, wilt ana 
death (2). Xylem of maples (Acer spp.) infected by Verti¬ 
cillium spp. is discolored, with small, dark, blue-green 
columns which begin near the point of infection and spread 
upward, expanding both radially and tangentially (15). 
Xylem discolored and decayed as a result of wounds 
has been examined extensively (9»10,14,16,17,18). Percent 
moisture, pH, and specific gravity of clear, discolored and 
decayed wood varies from species to species (4,19). Gen¬ 
erally, percent moisture is highest in decayed wood, and 
lowest in clear wood (19). Whereas specific gravity of clear 
and discolored wood is similar, and greater than in decayed 
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wood (19)» no clear pattern of pH change is always evident, 
but Tattar et al. (19) found the discolored and decayed 
wood of sugar maple generally to have a pH higher than that 
of clear wood. The amount of total ash is successively 
greater from clear through discolored and decayed wood (19). 
The' potassium concentration in discolored and decayed wood 
has been found consistently to be much greater than in clear 
wood, and concentrations of calcium, manganese, and magnesium 
are often found to be significantly greater in the discolored 
and decayed wood (4,19). Resistance to a pulsed electrical 
current is highest in clear wood, and lowest in decayed 
wood, with vaules for discolored wood fluctuating, but re¬ 
maining in the range between those of clear and decayed wood. 
Discolored xylem associated with wounds supports a succession 
of microorganism populations which may eventually lead to the 
colonization of the wood by decay fungi (7,8). 
The present study was undertaken to examine the chemical 
and physical properties of sugar maple xylem discolored as 
a result of infection by Verticillium dahliae. As very little 
is known about the nature of xylem tissues discolored as a re¬ 
sult of infection by this pathogen, the specific objectives 
of this study were (i) to determine the electrical resistance 
properties, the concentration of potassium, sodium, magnesium, 
manganese, and calcium, the specific gravity, moisture content 
and pH of the discolored xylem, (ii) to describe the appear¬ 
ance and patterns of discoloration in the infected xylem, 
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(iii) to determine which micoorganisms, if any, other than 
V. dahliae, are present in the discolored xylem, and (iv) 
to compare the chemical and physical properties of sugar 
maple xylem discolored by Verticillium with those of dis¬ 
colored xylem associated with wounding. 
METHODS AND MATERIALS 
Host selection and inoculation. Sixteen sugar maples 
(Acer saccharum Marsh.) 10-18 cm diam at 1.4 m above ground 
selected from a nursery of the Shade Tree Laboratories at 
the University of Massachusetts, Amherst, were used in this 
study. Six trees were inoculated on May 20, 19?4, with an 
isolate of Verticillium dahliae from potato, known to be 
virulent on maple (1), by adding 1 mi of chopped mycelia 
and spores to each of two freshly-made chisel wounds 2 cm 
deep, placed on opposite sides of trunks 10 cm above ground. 
Six trees were inoculated on July 1, 1975 by placing a 1 cm^ 
agar disc (2) of V. dahliae culture #V-6l from elm, known 
to be pathogenic to maple (1) in each of three wounds, 1-2 
cm deep, made into the xylem of the roots below the soil 
line. Four naturally infected trees, showing discoloration 
in twigs of 1-2 cm diam and from which V. dahliae was isolated 
were included in the study. 
Tissue preparation. Trees were cut 15 cm above the soil 
line, then cut further into 25 cm sections. Each section was 
split longitudinally in three pieces; one piece was dissected 
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immediately and weighed for determination of moisture con¬ 
tent; electrical resistance (ER) measurements were taken 
immediately on the second piece, and the remaining piece 
was wrapped tightly in Parafilm and refrigerated until dis¬ 
sected for cation concentration determination, specific gra¬ 
vity and pH measurements, and culturing for isolation of 
microorganisms, 
Electrical resistance measurements. Measurements of 
resistance to a pulsed electric current were made with a 
Shigometer (Northeast Electronics Co., Concord, N.H.). Two 
stainless steel electrodes, 1 mm x 10mm long and 1.5 cm apart 
on a rigid probe (Delmhorst Instrument Co., Boonton, N.J.) 
were inserted vertically one cm deep into the xylem tissue. 
In each section, ten measurements 1 cm apart were made along 
the radial face each zone of clear and discolored wood where- 
ever possible. 
Description of zones of discolored xylem. Observations 
of the interior condition of the xylem of each tree were 
recorded following dissection, and three distinct zones could 
be described. These areas are hereafter designated as: "clear 
zone," apparently healthy wood with no discoloration; "peri¬ 
pheral zone," a dark blue-green area often bordering an inner 
discolored zone; "central zone," a brownish-green to brown 
area often present and proceeding centripetally from the blue- 
green zone. Measurements and samples for microorganism iso¬ 
lation were taken from each of these three zones in all sections 
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studied. In some sections, the dark peripheral zone was so 
narrow that separate samples could not be taken. In these 
cases, the samples from the zone of discolored xylem were 
designated "discolored" or "central"zone. In some sections, 
either the dark blue-green peripheral zone or the brown cen¬ 
tral zone was lacking. 
Determination of pH, moisture content and specific 
gravity. The pH of the wood in each zone was determined 
by air-drying approximately one-gram samples of tissue and 
grinding the tissue to pass through a 20-mesh screen. The 
ground material was placed in 5 ml of de-ionized water lor 
one hour, and pH measured (13). To determine moisture con¬ 
tent of the wood, 1 to 2-gram samples v/ere weighed, oven- 
dried at 105°C for 24 hours, and percent moisture was cal¬ 
culated as fresh weight - oven-dry weight x 100 (19). To 
oven-dry weight 
measure specific gravity, 1 to 2-gram blocks of fresh tissue 
were placed in distilled water in a graduate cylinder, as¬ 
pirated until sinking, ana displacement volume was recorded. 
The blocks were then oven-dried and specific gravity was cal¬ 
culated as the ratio of the weight of oven-dried tissue to 
the displacement volume (19). 
Determination of total ash and concentration of cations,,. 
One-gram blocks of oven-dried xylem tissue were weighed, 
and ashed in quartz crucibles in a muffle furnace a~ 450°C 
for 24 hours. Any remaining carbonaceous material was re¬ 
moved by moistening with de-ionized water, adding 10 ml o^ 
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concentrated HNO^, evaporating to dryness on a hot plate, 
and re-ashing at 450°C for 6 hours. Tv/enty ml of a 1:1:8, 
HG1 :HNC>3:H2S0^ solution were added to the ash in each cru¬ 
cible, and heated to boiling for three minutes. Solutions, 
when cooled, were brought to 100 ml in volumetric flasks with 
deionized, distilled water. Concentrations of potassium, 
calcium, magnesium, manganese, and sodium were determined 
by a Perkin-Elmer Atomic Absorption Spectrophotometer #42. 
Concentrations of these cations were expressed in milligrams 
per gram of ash, milligrams per gram of wood, and jug per cm^ 
of wood. 
Isolation and identification of microorganisms. Chips 
of wood, 5x5x1 mm, from each zone of clear and discolored 
wood, taken from freshly split sections and from twigs which 
had been dipped in alcohol and flamed before removal of bark, 
were placed in potato dextrose agar (PDA) (Shade Tree Labor¬ 
atories, Univ. of Mass., Amherst) culture medium. After 
3-10 days, the presence of any bacterial colonies was recorded, 
and fungi isolated were recultured in a medium consisting of 
10 grams malt extract, 2 grams yeast extract, 20 grams agar, 
and 1 liter distilled water (8). 
RESULTS 
Electrical resistance and physical characteristics. In 
all trees; the electrical resistance measurements of wood 
discolored by Verticillium were significantly lower than those 
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of clear wood (Table 1). The lowest mean values were con¬ 
sistently found within the greenish-brown or brown central 
zone, and in trees 1,1,4, and 6, these values were signifi¬ 
cantly lower than those of the peripheral zone. 
There was considerable variation within most zones of 
each tree, but certain trends were evident. In trees 1,2, 
and 6, the mean ER values of the three zones showed a pro¬ 
gression, with the highest values in the clear wood, and 
the lowest in the central discolored zone; ER values of the 
peripheral zone were approximately midway between the two 
extremes. In trees 3 and 5» both discolored zones produced 
values that were quite low, and in tree 3> the mean values 
for both discolored zones were almost identical. 
In most trees, there seemed to be an internal consis¬ 
tency among the values of the three zones; trees with higher 
ER in the clear wood tended to have peripheral and central 
zones values which were high, also; lower clear wood values 
tended to be associated with lower discolored zone values. 
Moisture content of discolored wood was significantly 
greater than that of clear wood (Table 2), though it was not 
possible to see a significant difference between the two zones 
of discolored wood in the two trees tested. In tree one, the 
range of values of the central zone was quite large. 
Samples of wood taken from two trees showed the clear 
wood to be significantly more acid than the discolored wood 
of the same tree (Table 2). The pH values were consistent 
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within each tree, although the pH of the discolored wood of 
tree three was similar to that of the clear wood of tree one. 
The specific gravity of samples of clear wood from tree 
3 was significantly greater than that of discolored wood 
from the same tree (Table 3). Specific gravity values of 
both clear and discolored wood from tree 1 showed considerable 
variation; the mean specific gravity of discolored wood was 
lower than that of clear wood, but the differences were not 
significant. The mean specific gravity of like zones in 
the two trees was similar. 
Clear wood and discolored wood differed considerably 
in total ash concentration. The absolute ash content (mg 
ash/gr wood) was much lower in clear wood than in discolored 
wood (Table 3)» and the range of values of clear wood was 
much smaller than that of discolored wood. These differ¬ 
ences in ash content were reflected in differences in relative 
concentrations (mg ash/cm3) (4); the clear wood had much 
lower concentrations of ash per cm3 than did the discolored 
wood. 
Cation concentration. Great variability in the con¬ 
centrations of cations per gr ash existed in the two trees 
tested, and it is evident (Table 4) that a gram of ash from 
the discolored wood did not contain significantly higher con¬ 
centrations of cations than did a gram of ash from clear wood, 
except of magnesium, tree one, and sodium, tree 3. However, 
since there was significantly more ash per gram of discolored 
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wood, accompanying changes in specific gravity brought about 
by the disease processes, the data expressed in Table 5 shows 
the concentrations of cations per gram of wood. Here the 
discolored wood can be seen clearly to be significantly higher 
than the clear wood in concentrations of calcium and potassium, 
and discolored wood from tree one is also significantly greater 
in magnesium content. Concentrations of manganese in all trees 
were so small that no accurate determinations could be made 
with the Perkin-Elmer apparatus used. 
When changes in specific gravity of the wood resulting 
from the disease processes were taken into consideration, 
and concentrations of cations expressed as relative concen¬ 
trations (g cation/cm3 wood) (4), trends in differences of 
concentrations of the two zones are even more clear (Table 6). 
Isolation of microorganisms. All trees taken for study 
had been inoculated 1 to 2 years earlier, and were showing 
symptoms of Verticillium wilt in the current year. Although 
the discoloration in the xylem was typical of and was assumed 
to be caused by infection by V, dahliae, culturing for micro¬ 
organisms presented some interesting results. Verticillium 
was isolated from 58/5 and 29# of the chips taken from discolored 
wood of trees harvested in September and August, respectively, 
but trees harvested in April and May yielded no colonies of 
Verticillium. Discolored wood from all trees yielded organisms 
other than Verticillium. Tree two produced a large number of 
bacterial cultures; chips from trees one and four yielded more 
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than 25 colonies of fungi not Verticillium spp. Trees three 
and four, harvested later in the year, in August and Sept¬ 
ember, showed the lowest number of bacterial colonies, and 
the highest number of fungal colonies. Most of the fungi 
isolated could not be identified. Species which have been 
positively identified from the discolored wood include Alter - 
naria spp., Cephalosporium spp., Penicillium spp., Fusarium 
spp., Mortierella spp.; phialide formers, and fungi with 
both dark and hyaline hyphae were also isolated. (See Tables 
7 and 8). 
DISCUSSION 
In our studies, we were able to distinguish two different 
zones of wood discolored by Verticillium dahliae, an inner, 
central zone which was greenish-brown or brown in color, and 
dark blue-green or green peripheral zone, between the clear 
wood and the central zone. Naturally infected trees were 
dug up from the roots and sources of infection were sought 
as small dark blue-green spots near the roots’ surfaces from 
which vascular streaking or discoloration originated. Often 
only one or two such initial infection areas could be found 
in dissecting the whole root system of a tree with extensive 
vascular discoloration in the upper bole. These initial in¬ 
fection areas in the xylem were amplified as the originally 
infected xylem branched out higher in the tree. Often, by 
tw'o or three feet above ground, the spreading and anastomosing 
11 
xylem strands had formed two or three distinct peripheral, 
blue-green discolored areas, separated by zones of clear 
wood, often fusing with each other and/or with the central 
zone (15). The properties of these two zones studied in 
these experiments were most often significantly different 
from those of the clear wood, and often even significantly 
different from each other. Patterns of tissue characteristics 
showed up that were similar to those of wood discolored as 
a result of wounding. Electrical resistance (ER) properties 
were strikingly similar to those of wood discolored by wound¬ 
ing. The magnitude of the ER differences among the three 
zones was not as great as that found by Tattar (14), where 
a difference between clear and wound-discolored wood was 
found to be as great as 10? K,D_ , but the differences were 
significant and consistent. 
Corresponding with the differences in ER in clear and 
discolored wood associated with wounding were differences in 
total ash and concentrations of specific cations. These 
differences were also evident in the discolored wood of 
Verticillium infected trees. Relative concentrations of ash 
(mg/cm^) from clear and discolored wood of infected trees 
were almost identical with those of wound associated dis¬ 
colored wood (19). Significantly higher concentrations of 
calcium, potassium, and total ash (17), and mean concentrations 
of magnesium and manganese, potassium, and calcium (4) in 
discolored and decayed wood provided quantities of mobile 
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cations sufficient to correlate with the increase in ER 
(14,16,18). The differences in relative concentrations of 
calcium and potassium in the clear and discolored wood of the 
sugar maples used in this study were similar to those of 
sugar maples discolored by wounding studied by Tattar (19). 
The differences in absolute concentration (mg/gr wood) were 
significant and consistent. Concentrations of magnesium in 
both clear and discolored wood were greater than those found 
by Safford (4) in discolored and decayed wood. The presence 
of only trace amounts of manganese may indicate a soil de¬ 
ficiency in this element at the site of the experiment (11), In 
most of the trees studied (only two are reported fully in 
this paper), a higher concentration of calcium is found in 
the peripheral zone than in the clear or the central zone. 
When the differences between calcium concentrations of clear 
and discolored wood caused by wounding and by infection with 
Verticillium are considered in the light of the altered speci¬ 
fic gravity of the Verticillium-discolored wood, the differ¬ 
ences become even more significant. For example, the 59 to 
6k% increase of mean calcium concentration per cm3 0f dis¬ 
colored wood of infected maples is of even greater significance 
when it is noted that the mean unit weight (specific gravity) 
of this discolored wood is lower than that of adjacent clear 
wood. The 40t& increase in calcium concentration per cm3 of 
discolored wood associated with wounding was associated with 
a unit weight equal to that of clear wood (19). The signi- 
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ficance of the 68—75:^ increase in potassium concentration 
of Verticilliurn discolored wood over the 6l% increase in 
wounded tissue is also seen to be even greater when corrected 
for the differences in mean specific gravity of the two forms 
of discolored wood. There is a much greater absolute con¬ 
centration of calcium and potassium in the sugar maple wood 
discolored by Verticilliurn than in that discolored by wound¬ 
ing. This increase may possibly be accounted for by a much 
greater metabolic rate in the processes which are responsible 
for the ion accumulation, or perhaps in an increase in the 
numbers of the organisms responsible for the increase. 
The lowered trends in specific gravity, increased 
moisture content and presence of fungi other than Verticilliurn 
lead to some conclusions and questions which need to be 
explored further. Increased moisture content is a character¬ 
istic of decaying wood (19). As numbers of microorganisms 
increase, and as respiration of these microorganisms and of 
the host increase in the disease process, increasing amounts 
of water are produced in the xylem. This increase can be 
as great as 246/6 in decaying sugar maple (19). Discolored 
wood associated with decay also possesses higher water con¬ 
tent than clear wood; Tattar et al. (1972) found the increase 
of moisture in discolored wood of sugar maple to be in the 
order of 36?S (19). In our studies, the peripheral zone was 
found to have a 10% increase in water content, while the 
central zone alone, or wood samples of central and discolored 
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wood combined, had increased moisture content of 51 to. 89# 
(Table 2). 
Decreased specific gravity is associated with decaying 
wood, and relative specific gravity can be used as an index 
of degree of decay in columns of discolored and decayed 
wood (4). Tattar (19) found no change in the specific gravity 
of discolored wood associated with wounding, but a 58# de¬ 
crease in specific gravity of decayed wood of sugar maple. 
Discolored wood associated with Verticillium showed a 14-21# 
decrease in mean specific gravity; in tree 3, this decrease 
was significant. 
Isolation from clear wood yielded few or no microorgan¬ 
isms (6). Cultures of discolored wood that is associated 
with wounding yield many microorganisms, mainly bacteria 
and non-hymenomycetes (6,7,8). It is currently proposed 
that these microorganisms alter the wood substrate, and make 
possible the eventual colonization by wood decaying fungi. 
Discolored wood from Verticillium-infected trees yielded 
bacteria, and from 8 to 22# of the chips cultured yielded 
fungi other than Verticillium (6,7,9). 
We would like to propose, to account for all the above 
changes in the Verticillium-discolored wood, two possible 
explanations, and areas for further study. 1) Injuries caused 
by the presence of Verticillium in the tree’s vascular system 
may stimulate the oxidation of phenols (3) and other sub¬ 
stances such as those found by Tattar and Rich (17) in oarx 
15. 
and clear wood. These substances, altering the xylem sub¬ 
strate, could allow other fungi which had entered the tree 
through the same wound that gave entry to Verticillium or 
through branch stub wounds, to grow, altering the substrate 
still further, thus setting up a succession of microorganisms. 
This process may lead, if the tree does not die from the in¬ 
lection, to the eventual development of numbers of wood decay¬ 
ing organisms, with attendant changes in wood properties, 
such as the increase in water content, and the decrease in 
specific gravity. Some of the fungi isolated from the Verti- 
cillium-discolored wood have been identified; these have been 
reported (7*8,10) previously to occur in discolored wood assoc¬ 
iated with wounding. No wood decaying fungi have yet been 
identified in this study from wood discolored by Verticillium. 
2) A second possible explanation for at least some of the 
changes in the Verticillium-infected wood centers on small 
branch stub wounds which may have been made and compartment¬ 
alized (6,7) when the tree was very small. The discoloration 
and incipient decay processes may have been going on inside 
this compartmentalized column simultaneously with the Verti¬ 
cillium infection and microorganism succession which the in¬ 
fection process allows. As these two sets of discoloration 
and wood alteration processes continued, an eventual fusing 
of the two zones of discoloration might occur. The two zones 
of discolored wood would have similar properties, though the 
inner zone might be more correctly termed incipient decay. 
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Table 1. Electrical resistance of clear and discolored 
wood from trees infected with Verticillium dahliae** 
Electrical resistance 0c Cl)Y 
Clear wood • Peripheral Central 
zone2 zone2 
Tree 1 33.8+10.0 a 16,4+4.5 b 6.6+2,5 c 
Tree 2 39.1+10.3 a 29.4+10.9 b 12.8+9.9 o 
Tree 3 2 0, 6+2,5 a 3.6+1.1 b 3.2+1.5 b 
Tree 4 33.4+10.8 a 16.8+7.4 b 5.8+1.3 b 
Tree 5 26.0+4.8 a 8,8+1.3 b 4. 7+0, 6 b 
Tree 6 34,6+3.8 a 20.5+3.3 b 14.7+2.0 c 
*Data reported to 0,1 k limits of ShigometersO . 5 kjn. 
xWithin each tree, means followed by the same letter are 
not significantly different, P = .05, according to Duncan’s 
multiple range test. 
^Means based on at least 5 samples 
zDiscolored wood 
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Table 2. Percent moisture and pH of clear and discolored 
wood from sugar maple trees infected by Verti- 
cillium dahliae. 
Tree 
number 
Tissue 
zone 
Percent 
moisture* 
pHx 
1 Clear wood 50.5+2.3 a 6.42+0.1? a 
Discolored wood - 
Peripheral zone 60.3+4.7 b 
Central zone 95.3+19.7 c 7.18+0.2? b 
3 Clear wood 42.0+6.3 a 
5.74+0.10 a 
Discolored wood 86.1+5.0 b 6.82+0.46 b 
xWithin each tree, means for each parameter followed by 
the same letter are not significantly different, P = 0.01, 
according to the t-test, or (for percent moisture, tree 
one) P = 0.05, according to Duncan's multiple range test. 
ypercent moisture = Fresh weight - °ven-dry weight x 100 
oven-dry weighx 
zMeans based on at least 6 (fo moisture) and 7 (pH) samples. 
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Table 3. Specific gravity and milligrams ash per gram of 
wood from clear and discolored wood from sugar 
maples infected by Verticillium dahliae.x 
Tree 
number 
Tissue 
zone 
Specific 
gravity 
Ash(mg)/wood (gr 
1 Clear wood 0.75+0.13 a 3.124+0.560 a 
Discolored wood 0.60+0.11 a 14.051+3.180 b 
3 Clear wood 0.73+0.02 a 2.872+0.280 a,c 
Discolored wood 
Peripheral zone 18.306+9.496 c 
Central zone 0.63+0,04 b 9.957+2.388 b 
x Within each tree, means followed by the same letter for 
each parameter are not significantly different, P = 0.01, 
according to the t-test, or (for mg ash per gram wood, tree 
two), P = 0.05, according to Duncan's multiple range test. 
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Table 4. Concentrations of cations from clear and discolored 
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wood from sugar maples infected with Verticillium 
dahliae, calculated in milligrams per gram of ash 
Tree 
no. 
; Cation Cation concentration (mg/gr ash)x 
Clear wood Peripheral 
zoneY 
Central 
zoneY 
1 Calcium 266.471+62.198a 198.327+40.189a 
Magnesium 57.931+12.163a 35.301+8.150 b 
Potassium 294.832+41.971a 237.624+68.047a 
Sodium 13.599+6.362 a 6.507+5.308 a 
Manganese trace trace 
3 Calcium 245.484+33.189a 236.310+103.801a 246.930+75.962a 
Magnesium 47.905+9.343 a 39.190+7.022 a 38.862+11.107a 
Potassium 203.468+45.143a 155.216+29.484 a 213.845+170.455 
Sodium 11.159+3.958 a 3.214+1.250 b 3.423+4.217 b 
Manganese trace trace trace 
xWithin each tree, means followed by the same letter are not 
significantly different, F< 0.01, according to the t-test 
(tree one), or F = 0.05, according to Duncan*s multiple 
range test (tree three), 
y Discolored wood 
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Table 5. Concentrations of cations from clear and discolored 
wood from sugar maples infected with Verticillium 
dahliae t calculated in milligrams per gram of wood. 
Tree 
no. 
Cation Cation concentration (mg/gr wood)x 
Clear wood Peripheral 
zoney 
Central 
zoney 
1 Calcium 0.804+0.040a 2,4-39+0.383b 
Magnesium 0.172+0.013a 0.529+0.260b 
Potassium 0. 905+0.116a 3.609+1.46lb 
Sodium 0.050+0.030a 0.891+0.072b 
Manganese trace trace 
3 Calcium 0.724+0.090a 5.183+2.781b 2.34-6+0. ?81b 
Magnesium 0.321+0.379a 0.702+0.221a 0.634+0.251a 
Potassium 0.686+0.239a 2.836+1.018b 3.145+1.049b 
Sodium 0.338+0.0l4a 0.058+0.013b 0,046+0,037b 
Manganese trace trace trace 
x 
Within each tree, means followed by the same letter are not 
significantly different, P< 0.01, according to the t-test 
(tree one), or P = 0.05, according to Duncan's multiple 
range test (tree three). 
^Discolored wood 
Table 6. 
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Relative concentrations of cations from clear and 
discolored wood from sugar maples infected with 
Verticillium dahliae t calculated in milligrams 
per cm3 wood* 
Tree Cation 
number 
Relative cation concentrations(mg/cm3) 
Clear wood Discolored wood 
Calcium 0.599 1.460 
Magnesium 0.118 0.317 
Potassium 0.679 2.165 
Sodium 0.038 0.534 
Manganese trace trace 
Calcium 0.529 1.480 
Magnesium 0. 234 0.399 
Potassium 0.501 1.980 
Sodium 0. 247 0.029 
Manganese trace trace 
*Based on data from Tables 3 and 5 
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Table 7. Chips from discolored wood of sugar maple infected 
Verticillium dahliae that yielded microorgan¬ 
isms. z 
Microorganism Tree 
#1 
Tree 
#2 
Tree 
#3 
Tree 
#4 
#x # % # % # 5? 
Bacteria 5 k%> 52 28^ 0 0% 1 1% 
Fungi 
Verticillium 0 0% 0 0 % 44 34 29.% 
Others 29 22;% 19 10% 6 8% 26 22% 
Total chips 
yielding 
microorganisms 26% 39%° 66%> 
- 
53% 
xNumber of microorganisms isolated from tree 
^Percent of total microorganisms isolated from tree 
Date of harvest and number of chips taken for culture from 
each tree respectively were: 1)4 April, 1976, 132; 2) 10 
May, 1976, 184; 3)23 August, 1976, 76; 4) 14 September,1976, 
116. 
* 
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Table 8. Fungi other than Verticillium isolated from dis¬ 
colored wood of sugar maples infected with Verti- 
cillium dahl.iae 
Fungi Chips which yielded microorg 
from tree number* 
anisms 
1 2 3 4 
Cephalosporium spp. 0 0 1 1 
Penicillium spp. 2 0 0 2 
Fusarium spp. 0 0 2 2 
Mortierella spp. 2 0 0 0 
Alternaria spp. 1 0 2 0 
Not identified 24 19 1 21 
xDate of harvest of each tree given in Table 7. 
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